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ABSTRACT

Bacillus anthracis shares the same ecological niche with other members of the B. cereus
group: especially B. cereus and B. thuringiensis. Techniques that differentiate among Bacillus
species using metabolic characteristics can be used to compliment PCR-based methods. These
techniques include metabolic and fatty acid profiling. In this work we compared two metabolic-
based assays and one fatty acid profiling method for their effectiveness in distinguishing 5.
anthracis from other Bacillus spp. Our results indicate that the methods tested vary widely in
their ability to identify many Bacillus strains.

INTRODUCTION

Bacillus anthracis, the etiological agent of anthrax, is a member of a collection of Bacilli
known as the Bacillus cereus group. The B. cereus group includes four closely related species:
B. cereus, B. anthracis, B. thuringiensis and B.subtilis var. niger (formerly identified as B.
globigii). Distinguishing among these species is difficult (13). Indeed, Helgason et. al. suggest
that B. cereus, B. anthracis and B. thuringiensis be grouped together as one species, based upon
multilocus enzyme analysis (3). Alternate molecular approaches, including application of the
Polymerase Chain Reaction, suggest that sequence divergence among Bacillus strains can be
exploited for the purpose of strain identification (4-7, 9). Bacterial identification methodologies
based upon traditional microbiological techniques have also been used to distinguish among
Bacillus strains (8).

Two identification systems, Biolog and Crystal, utilize 95 and 29 biochemical tests,
respectively, to accomplish this end. The incorporation of classical identification techniques
into commercially available identification systems such as these is common. The well-
established Biolog System has been used successfully to identify over five hundred Gram-
negative (1) as well as Gram-positive and anaerobic species. The BBL Crystal Gram Positive
ID Kit allows identification of 121 Gram-positive species. Excluded from the database are B.
anthracis, B. globigii and B. thuringiensis.
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An innate characteristic of the bacterial cell is the diversity of its fatty acid components.
Extraction and resolution of fatty acid components by gas chromatography was developed and
subsequently accepted as a method of bacterial identification (2, 10-12). In this work, we have
examined the utility of fatty acid profiling for the identification of various Bacilli, with an
emphasis placed upon members of the B. cereus group.

MATERIALS AND METHODS

Avirulent bacterial cultures were purchased from the American Type Culture Collection
(ATCC). Virulent B. anthracis strains provided to the laboratory are property of the US
ARMY.

Bacterial growth media were purchased from Becton Dickenson (BD) (Sparks, MD),
REMEL (Lenexa, KS) and Biolog (Hayward, CA): Trypticase Soy Agar (TSA), Blood Agar,
Trypticase Soy Broth (TSB), and BUG-M medium. Chemicals were purchased from Sigma-
Aldrich, Inc (St. Louis, MO). Biolog Gram-positive analysis plates, plate reader and software
were purchased from Biolog, Inc. The Crystal Gram-positive test strips, test strip readers and
software were purchased from Becton-Dickenson. Gas chromatographic analysis was
performed using instrumentation and software purchased from Microbial ID (MIDI).

Bacterial identifications generated through use of the Crystal System were obtained in the
manner described below. Bacteria obtained from a single colony were streaked onto Blood
Agar plates and incubated overnight at the temperature appropriate for each strain. Cotton
swabs were used to collect cells from the plate. Subsequently, the cells were suspended in GP
Inoculum Fluid to a turbidity level equivalent to 0.5 McFarland Standard. The cell suspension
was applied to the Analysis Panel and the sealed panel incubated at 37° C overnight. Panels
were evaluated under white light and UV light using the BBL Panel viewers. Each analysis was
performed in triplicate. Profile Numbers generated from each Analysis Panel were compared
with the Crystal Database (BD) to produce a strain identification.

Biolog identifications were performed as follows. Cells obtained from a single colony were
streaked in a cruciform pattern on BUG-M Medium. Prior to inoculation, the plates were
treated with a solution of thioglycholate, in accordance with the manufacturer’s directions.

Once inoculated, the plates were incubated overnight at the appropriate temperature for each
strain. In addition, experiments were performed in which the temperature for incubation was
adjusted to either 30°C or 37°C. Following incubation, cells were collected from the margins of
growth zones and suspended in GN/GP-Inoculation Fluid to a cell density of 28% U 3%
Turbidity. Analyses were performed in triplicate. 150 pl of cell suspension was introduced into
each well of a GP-2 MicroPlate. Plates were incubated at 37°C overnight and analyzed using a
Biolog MicroStation Reader and Dangerous Pathogens Database (Biolog).

Fatty acid analysis of bacterial strains was accomplished using the protocol outlined by
Microbial ID. The protocol involved the following steps. Bacterial cultures were prepared by
streaking cells obtained from a single colony in a quadrant pattern onto Blood Agar. 40 mg of
cells were harvested from the third quadrant, suspended in 1 ml Reagent 1 (0.169M
NaOH:Methanol, 1:1) and incubated at 100°C for 30 min. 2 ml of Reagent 2 (6N
HCl:Methanol, 13:11) was added and the sample incubated at 80°C for 10 min after which 1.25
ml of Reagent 3 ( Hexane:Methyl tert-butyl ether, 1:1) was added. The sample was mixed for
10 min using a rotator. The aqueous phase was removed and the solution washed with 3 ml of
Reagent 4 (0.3M NaOH) for 10 min. The organic phase was analyzed using an Agilent



Technologies 6850 Series Gas Chromatograph. Chromatographic profiles were compared to
those present in the Clin40, TSBA and Bioterrorism Databases (MIDI).

RESULTS

IDENTIFICATION OF BACTERIAL STRAINS USING THE CRYSTAL SYSTEM

Repeated analysis of the control strain, S. pyogenes, indicated that the Crystal System was
being manipulated properly for the identification of the control and test strains. At the onset of
this work, we recognized that the Bacillus spp. represented in the Crystal System database was
excluded a number of strains that we proposed to test. The strains absent from the database are
B. mycoides, B. thuringiensis and B. anthracis. Our analysis of various Bacllius strains

Table 1. Bacterial Identification — Crystal System

Correct
Species Tested Identification |Identification
Streptococcus pyogenes S. pyogenes 3/3
Bacillus cereus B. cereus 4/5
Bacillus anthracis A Stern Unidentified 0/5
Bacillus anthracis Pasteur Unidentified 0/5
Bacillus licheniformis B. licheniformis 2/2
Bacillus mycoides Unidentified 0/5
Bacillus pumilus B. pumilus 2/6
Bacillus thuringiensis Bacillus licheniformis 0/5
Bacillus sphaericus B. sphaericus 2/2

produced correct identifications less consistently than the control strain. B. thuringiensis was
identified in every instance as B. licheniformis, while B. licheniformis was correctly identified.
B. cereus was identified correctly 80% of the time and B. sphaericus, 100% (Table 1). Reliable
identification of B. pumilus was not observed. Identification codes produced by Crystal
Identification Panels for B. mycoides and B. anthracis were not recognized by the database,
precluding identification.

Repeated analysis of B. anthracis strains resulted in the generation of reliable identification
codes for two B. anthracis strains, A Sterne and Pasteur, as well as B. mycoides (Table 2).

Table 2. Identification Codes for Bacillus spp.

Species Tested A | B C D E F G H I J n
S. pyogenes 1 7 6 5 7 7 7 5 6 1 3
B. anthracis A Sterne Oorl| 7 6 5 4 5 2or3| 1 6 3 5
B. anthracis Pasteur 1 7 6 5 4 4or5 |2o0r3| 7 6 3 5
B. mycoides 2 5 3 4 5 7 7 5 5 3 5




IDENTIFICATION OF BACTERIAL STRAINS USING THE BIOLOG SYSTEM

Bacterial identification of B. anthracis strains using the GP-Microplates , in general,
identified test strains correctly. B. anthracis Zim 89 was identified correctly in one third of the
trials involving that strain (Table 3). The alternative to a correct identification for B. anthracis
Zim 98 was that the strain assayed as “No Match”, indicating that the identification code had no
matching pattern in the Microlog Database. All remaining B. anthracis strains tested were
identified correctly.

Table 3. Bacterial Identification — Biolog System

Dangerous
B. anthracis| Pathogens Correct
Strains Tested Database |Identification
B. anthracis Nebraska| B. anthracis 373
B. anthracis ZIM 89 | B. anthracis 1/3
B. anthracis LA1 B. anthracis 373
B. anthracis 1090 B. anthracis 5/5
B. anthracis G28 B. anthracis 373
B. anthracis CDC 684| B. anthracis 5/5

IDENTIFICATION OF BACTERIAL STRAINS USING THE MICROBIAL 1. D. SYSTEM

Identification of bacterial strains based upon unique fatty acid profiles consistently produced
correct identifications for both control strains (P. aeruginosa, Steno. maltophelia) while
typically identifying B. anthracis strains correctly when using either the Clin 40 or Bioterrorism
Databases. B. anthracis is not a component of the TSBA database and therefore the possibility
of incorrect identification by the TSBA Database is excluded (Table 4).

Virulent B. anthracis strains were used to test the utility of the MIDI system for bacterial
identification in the Biological Safety Level-3 (BSL-3) containment laboratory. Using the
Bioterrorism Database, the control strains and B. anthracis strains were identified correctly
(Table 5).



Table 4. Analysis of Avirulent Bacillus Strains — MIDI

Identification of members of the genus Bacillus was accomplished using the three

Clin 40 Bioterrorism

Bacillus strains Database |TSBA Database| Database (n)
B. anthracis Pasteur B. anthracis no match B. anthracis 8/8
B. anthracis )Sterne B. anthracis no match B. anthracis | 8/8
B. cereus B. cereus B. cereus no match 4/4
B. globigii SB512 B. subtilis B. subtilis no match 4/4
B. licheniformis 12759 |B. licheniformis| B. licheniformis no match 4/4
B. megaterium B. megaterium | B. megaterium no match 4/4
B. mycoides not tested B. mycoides not tested 4/4
B. pumilus not tested B. pumilus no match 4/4
B. subtilis B. subtilis B. subtilis no match 8/8
B. thuringiensis B. cereus not tested no match 4/4

CONCLUSIONS

methodologies employed. We found the Crystal System to be limited in its utility by the

paucity of Bacillus species represented in the database. Note that an expansion of the database
can be achieved through repetitive examination of known bacterial strains. Reproducibility of
species identification codes indicates that the user, through the incorporation of user-generated

Identification Codes, could expand the database. Indeed, through this work, reproducible
Identification Codes for B. anthracis Pasteur, B. anthracis ) Sterne and B. mycoides were

generated.

The Biolog System was demonstrated to be reliable for the identification of virulent strains

of Bacillus anthracis, using the Dangerous Pathogens Database.

Fatty acid profiling using the Microbial ID gas chromatography system provided correct

bacterial identifications for twenty-nine of the thirty-one strains tested. Distinguishing among

members of the B. cereus group presented the greatest challenge. The identification of B.

globigii as B. subtilis may be attributed to a change in nomenclature. Currently, the
classification of B. globigii is that of B. subtilis var. niger. Fatty Acid profile comparisons using
the Clin 40 Database indicated that, B. thuringiensis could not be distinguished from the closely

allied B. cereus. Queries of the Bioterrorism database regarding all non-B. anthracis strains

reported no false positive results. Obversely, all queries of the Bioterrorism Database regarding

B. anthracis strains resulted in correct identification of all strains considered.

In this work, we compared the effectiveness of three methodologies for the identification of
Bacillus spp. with special attention to the Select Agent Bacillus anthracis. Although the Crystal

and Biolog identification systems identified successfully many species of Bacilli, overall, the
MIDI System produced correct identifications for B. anthracis strains, reported no false
positives, false negatives and required a minimal analysis time.




Table 5. Analysis of Virulent Bacillus Strains - MIDI

Correct
Strain Identification | Identification
[Pseudomonas aeruginosa P. aeruginosa 9/9
Stenotrophomonas maltophelia S. maltophelia 9/9
B. anthracis 1024 Albia B. anthracis 7/9
B. anthracis 1024 SK128 B. anthracis 6/6
B. anthracis 1032M B. anthracis 6/6
B. anthracis 1087 Scotland B. anthracis 6/6
B. anthracis 1090 B. anthracis 6/6
B. anthracis 1928 B. anthracis 9/9
B. anthracis 5444 St. Mary's B. anthracis 6/6
B. anthracis CDC 471 B. anthracis 6/6
B. anthracis CDC 684 B. anthracis 6/6
B. anthracis Colorado B. anthracis 6/6
B. anthracis EB1 B. anthracis 6/6
B. anthracis FLA U770 B. anthracis 6/6
B. anthracis G28 B. anthracis 5/6
B. anthracis LA1 B. anthracis 6/6
B. anthracis NCTC 109 Paddington IV B. anthracis 6/6
B. anthracis NCTC 7752 B. anthracis 6/6
B. anthracis Nebraska B. anthracis 6/6
B. anthracis SK102 B. anthracis 6/6
B. anthracis ZIM 89 B. anthracis 6/6
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